Background There is a growing interest in policy making for using utility measures and identifying algorithms to convert disease-specific measures into utilities. Objectives To analyse the relationship between EQ-5D, Dermatology Life Quality Index (DLQI) and Psoriasis Area and Severity Index (PASI) in psoriasis. To transform DLQI scores, and key clinical, demographic and health service utilisation variables into utilities. Methods A cross-sectional questionnaire survey of 200 consecutive adult patients with moderate to severe psoriasis was carried out in two Hungarian university clinics. The relationship between the outcome measures were analysed with correlations and with the known-groups method. Bivariate and multivariate regression algorithms on EQ-5D scores were formulated.
Introduction
Psoriasis is a chronic immune-mediated inflammatory disease of the skin with various presentations and clinical courses. It is estimated to affect approximately 0.73-2.9 % of the population throughout Europe [1] . Extra-cutaneous manifestations such as arthritis, cardiovascular diseases or mental disorders are often associated with psoriasis [1] . To date, there is no definitive cure for the disease, and, therefore, patients usually need long-term treatment. Severe psoriasis has a profound impact on patients' health related quality of life (HRQOL) encompassing physical, psychological, and socio-economic levels [2] .
Economic evaluations require data on HRQOL on preference-based measures that capture preference weights (called a utility, in terms of desirability) about values of different health states. Also, in many countries utility measures are required for reimbursement decisions. EQ-5D is the most commonly used utility measure in health economic analyses, however, it is rarely administered in clinical trials. Therefore, there is a demand for crosswalking (or mapping) algorithms to estimate EQ-5D utility scores from other HRQOL measures.
In recent years, introduction of biological agents (adalimumab, etanercept, infliximab, and ustekinumab) opened up new horizons in the treatment of patients with severe psoriasis. Compared to standard treatment, they proved clinical efficacy, but their use is associated with much higher costs and societal burden as well [3, 4] . Due to biologicals, HRQOL measures should be able to face a new patient population with better health state, with currently unexplored possible predictors of HRQOL and with new expectations of treatment outcomes.
There have been continuous discussions concerning the most appropriate, valid, sensitive, and reliable HRQOL assessment tool in psoriasis [5] . Dermatology Life Quality Index (DLQI), Psoriasis Area and Severity Index (PASI), and Short Form-36 (SF-36) are the most widely used instruments in psoriasis. Although these are focusing on different aspects of HRQOL, several overlaps exist between them.
DLQI was the first disease-specific questionnaire in dermatology with 20 years of use in clinical trials and in everyday clinical practice by now. It has been considered a simple, valid, and reliable outcome measure is psoriasis [6] . Nevertheless, from the perspective of health economics, a major disadvantage of DLQI has to be addressed. Due to it is not a preference-based measure, it does not enable one to calculate utilities for economic evaluations.
Over the past decade, the literature on mapping the general measure EQ-5D in different diseases has rapidly grown. According to the University of Oxford HERC online database of mapping studies [7] , only two papers and a conference abstract have been published about mapping EQ-5D in psoriasis, so far [8] [9] [10] . All these researches investigated the relationship between the dermatology-specific DLQI questionnaire and the EQ-5D index.
Recent evidences suggest a significant moderate correlation between EQ-5D and DLQI global scores [8, 11] . Prior mapping studies could explain only 27-31.3 % of the variance of EQ-5D [8] [9] [10] . Consequently, almost 70 % of the possible predictors of EQ-5D in psoriasis has still remained hidden.
The objectives of this present cross-sectional study are, at first, to analyse correlations between the widely used HRQOL and disease severity instruments of psoriasis and compare their capacity to distinguish among patients' severity groups; secondly, to seek for new possible predictors of HRQOL to establish mapping models on EQ-5D score and on the visual analogue scale (EQ VAS).
Methods

Patients
Between September 2012 and May 2013, a cross-sectional questionnaire survey of consecutive adult psoriasis patients from two Hungarian university clinics was carried out. The number of participants was limited to approximately 100 patients from each clinic. Patients included were required to be 18 years or older and to have been diagnosed with moderate to severe psoriasis (PASI [10 or DLQI [10 or patient using systemic or biological treatment) 12 months or more before the inclusion to the study. Data were collected by dermatologists at Semmelweis University, Department of Dermatology, Venereology and Dermatooncology (Budapest) and at the University of Debrecen, Clinic of Dermatology. All patients were invited to participate by their physicians during outpatient visits and signed an informed consent form. The study was approved by the national research ethic committee (ETT-TUKEB 35183/2012-EKU).
Outcome measures and assessment
All participants and their physicians were asked to complete a self-designed questionnaire. Patients' questionnaires concerned demographic data, general health state, quality of life (EQ-5D, EQ VAS, DLQI, self-assessed disease severity VAS) affected body sites, and disease duration. Dermatologists' questionnaires were based on the patients' clinical type of psoriasis, PASI, psoriasis treatments in the last 12 months, current clinical outcomes, and physician's' global assessment of disease activity visual analogue scale (PGA VAS).
Quality of life was captured by the validated Hungarian versions of EQ-5D questionnaire, by PGA VAS and by disease-specific DLQI. Clinical severity of psoriasis was assessed by using Psoriasis Area and Severity Index (PASI-72) and patients' self-assessed disease severity VAS. Questions included if there were any GP visit(s) in the last months, dermatologist visit(s) in the last threemonths and hospitalisation(s) in the last 12 months. Necessity of home help (professional or informal, e.g., family members) in the last one month and work impairment due to psoriasis were also recorded.
EQ-5D consists of a five-item instrument to assess general HRQOL (mobility, self-care, usual activities, pain/ discomfort, and anxiety/depression), and of a visual analogue scale (EQ VAS). In the current survey, EQ-5D-3L version was used in which each dimension has three response levels (no problems, some problems, and severe problems), accordingly, 3 5 = 243 combinations of health states are possible. Due to lack of evaluated Hungarian tariffs, the UK weights were applied to calculate global EQ-5D scores; thus, utility outcomes can range from -0.59 to ?1, where -0.59 is corresponding to the worst and ?1 corresponding to the best possible quality of life [12] . EQ VAS is a 20 cm long, vertical visual analogue scale with endpoints of '0' (worst possible health state) and '100' (best possible health state) recording patients' self-rating of their overall health, which as well enables determining utilities.
DLQI is a disease-specific self-assessment questionnaire validated for measuring HRQOL in psoriasis [13, 14] . The ten-item questionnaire's scale ranged from '0' to '30', where higher scores indicate greater disability experienced by patients. Each questions of DLQI scores quality of life impairment due to the dermatologic condition in a 4-point Likert scale, including aspects such as symptoms, side effects of treatment, daily activities, work or school, personal relationships, leisure activities, and feelings of embarrassment.
PASI-72 (hereinafter PASI) is a quantitative rating scale for psoriasis based on the severity of the lesions and the size of psoriatic areas assessed by physicians. It is widely used both in clinical trials to measure clinical effectiveness and in routine care to evaluate treatment success. To calculate PASI scores, the body is divided into four sections based on the estimated area of the skin affected (head = 0.1, upper extremities = 0.2, trunk = 0.3 and lower extremities = 0.4). Each area is graded by itself from 0 to 6, depending on the estimated percentage of the psoriatic involvement (0 = 0 %, 1 B 10 %, 2 = 10-29 %, 3 = 30-49 %, 4 = 50-69 %, 5 = 70-89 %, and 6 = 90-100 %). Within each area, severity is judged by the presence of three clinical signs: erythema, induration, and desquamation (measured on a scale of 0-4). Total PASI values range from 0 to 72, with higher scores indicating greater disease severity.
Statistical analysis
Spearman's rank correlation was used to test associations between outcome measures.
Mann-Whitney U test was performed to compare the differences in the distribution of EQ-5D, DLQI, and PASI.
The known-groups method was applied to compare the outcome measures ability to detect differences between groups with known attributes. Overall 11 categories, including clinical types, localisation and several medical records were selected for grouping variables. In each category we expected that patients responded 'Yes' to a question had worse scores in quality of life or in disease severity measures than those who responded 'No' (i.e., control group). To compare the means of the two groups, effect size (Cohen's d) was calculated by dividing the difference of the means by pooled standard deviation. The Cohen's d is considered small if 0.2-0.5, medium if 0.5-0.8, or large if [0.8, respectively, where the measure with a higher value can better distinguish between groups [15] .
To determine possible predictors of quality of life in psoriasis, age, disease duration, body mass index (BMI), and instruments that significantly correlated with EQ-5D, were enrolled as continuous variables. Additionally, those categorical variables were selected as possible predictors which proved a significant EQ-5D difference between their two possible outcomes (e.g., presence or absence of a clinical type, symptom or treatment). From this point forward, negative EQ-5D values were truncated to 0. In a bivariate mapping model on EQ-5D score and on EQ VAS, only DLQI was included as an independent predictor of the target variables. Then, to find an optimal algorithm in a multivariate approach that can explain the highest proportion of variance, we included all the possible predictors, which were found to be in a significant relationship with the target variable.
Data were analysed using SPSS version 20.0 (SPSS Inc., Chicago, IL, USA). All the applied statistics were twosided with a significance level of p \ 0.05.
Results
Patient characteristics
Altogether 200 patients participated in the survey. Patient characteristics are described in Table 1 .
The mean age was 51 years with male predominance (68.5 %). The mean disease duration was 22 years. Overall 159 (79.4 %) of the participants were overweight (BMI C 25). The most frequent type of psoriasis was chronic plaque psoriasis with 126 (63 %), followed by nail psoriasis 71 (35.5 %), scalp psoriasis 69 (34.5 %), psoriatic arthritis 57 (28.5 %), inverse psoriasis 18 (9 %), palmoplantar psoriasis 12 (6 %), erythrodermic psoriasis four (2 %), and guttate psoriasis two (2 %) (combinations are possible). In total, 50 (25 %) of the patients reported psoriasis involvement of the face, 36 (18 %) of the neck and/or décolletage, 83 (41.5 %) of the hands and/or palms, 69 (34.5 %) of the hand nails, 110 (55 %) of the forearms, and 134 (67 %) of the lower extremity, respectively. At the time of the survey, 59 (29.5 %) of the patients had no symptoms at all (i.e., PASI = 0).
Among the included patients, 103 (51.5 %) received biological drug in monotherapy or combination therapy, 61 (30.5 %) systemic non-biological therapy, and 30 (15 %) only topical treatment at the time of the survey.
The distribution of scores in the applied quality of life instruments were skewed, thus, the median is considered a better measure for the centre. The medians of quality of life tools were 0.73 for EQ-5D, 70 for EQ VAS, 3 for DLQI global score and 3.45 for PASI, respectively.
Frequencies of health service utilisation variables, including medical examinations, types of treatment, and additional non-reimbursed services are described elsewhere [16] .
Comparison
Results obtained from correlation analysis of the instruments are demonstrated in Table 2 . EQ-5D score showed a moderate negative correlation with DLQI, PASI, PGA, and with patients self-assessed disease severity VAS (0.29 \ Spearman's-rho \ 0.5). A strong significant correlations were found among DLQI, PASI, PGA, and selfassessed disease severity VAS.
The differences between known-groups are presented in Table 3 . As expected, in each category patients with more severe disease (responded 'Yes') reported significantly worse quality of life than the control group (Mann-Whitney U test, p \ 0.05). EQ-5D revealed the highest effect sizes in 4 out of the 11 examined categories: GP visit(s) in the last month, necessity of home help in the last month, and in the clinical types of palmoplantar psoriasis and psoriatic arthritis. Nevertheless, it was the least effective tool in capturing the variables of hospitalisation(s) in the last year, biological therapy and the localisations of psoriatic lesions. DLQI and PASI were able to discriminate between these groups better. Patients with visible lesions (on body areas uncovered by clothes-face, neck, décol-letage, hands, palms, hand nails) reported poorer HRQOL than those without visible lesions measured with any instrument.
Mapping EQ-5D
A simple linear regression of DLQI onto both EQ-5D score and EQ VAS was performed: EQ-5D = 0.8 -0.02*DLQI (adjusted r 2 = 0.169, ANOVA p \ 0.001), EQ VAS = 71.23 -1.07*DLQI (adjusted r 2 = 0.129, ANOVA p \ 0.001). Thus, DLQI global score explained 16.9 % of the variance of EQ-5D and 12.9 % of the variance of EQ VAS.
In order to establish a multivariate function, only those variables were applied which were previously tested and showed significant correlation (continuous variables) or significant EQ-5D difference among their outcomes (categorical variables) with the target indices. Thus, overall, 23 possible predictors of EQ-5D and 21 of EQ VAS were identified.
In the final stepwise multiple regression, ten out of the 23 possible predictors of EQ-5D and six out of the 21 possible predictors of EQ VAS were enrolled (see Table 4 ). The models are explaining 48.8 % of EQ-5D variance and 30.4 % of EQ VAS variance (adjusted R 2 = 0.488 and 0.304, ANOVA p \ 0.001). Consequently, mapping functions of the two indices are more accurate than they there were in our bivariate regressions. Three predictors were included in both target variables' model, hospitalisation(s) in the last 12 months, the GP visit(s) in the last month, and presence of palmoplantar involvement.
Furthermore, we noted that global DLQI score did not have an impact on EQ VAS values. However, we found that patients' self-assessed disease severity is implied in the multiple model of EQ VAS with an unstandardized regression coefficient (b) of -0.14. Hence, 1 point fall on the patients' self-assessed VAS eventuates 0.14 point fall in EQ VAS. Exploring the relationship between EQ-5D, DLQI and PASI S115
Discussion
In this present study, our first purpose was to analyse correlations between quality of life and disease severity measures, and compare their ability in detecting differences between known groups in a sample of 200 moderate to severe psoriasis patients of two Hungarian university clinics. As a result of the correlation analysis, we found the expected significant correlations between EQ-5D, DLQI, PASI, PGA, and self-assessed disease severity VAS. All the included outcomes correlated only moderately with EQ-5D (r s = 0.41-0.48, p \ 0.05). DLQI global score correlated stronger with PASI, PGA, and with self-assessed disease severity, than with EQ-5D.
To date, there are only a few cross-sectional studies in the literature reporting correlation results on outcomes measures in psoriasis. Similarly to our results, Norlin et al. [8] in a sample of 2,450 patients across Sweden found EQ-5D and DLQI moderately correlated (r s = -0.55, p \ 0.001). This is further supported by a survey including 273 patients from Finland where authors observed moderate correlation between EQ-5D and DLQI (r = -0.52, p \ 0.001) [11] . Hjortsberg et al. also pointed out that DLQI score was more highly correlated with patients' selfassessed disease severity than with the EQ-5D (r = 0.71, p \ 0.001), likewise in our study (r s = 0.8, p \ 0.05).
Two observational studies reported a weak correlation between PASI and EQ-5D (r = -0.17, -0.25) [8, 9] . In contrast, we noted moderate correlation (r = -0.43) between these two measures. It is, therefore, likely that different clinical protocols of the countries and different patient characteristics of the samples (e.g., psoriasis severity, rate of biological treatment) account for the imparity.
Despite prior evidences that found significant moderate correlations (r = 0.51, 0.54) between PASI and DLQI, we observed strong correlation (r s = 0.81) between these two instruments [8, 17] . We assume that major reasons for the differences are the distinctions amongst the types of treatment (e.g., the proportion of patients on biologicals) and psoriasis severity of the patients included. This assumption is confirmed by the evidence that we demonstrated stronger correlation between DLQI and PASI scores amongst the patients treated with biologicals (r s = 0.76 vs 0.53, p \ 0.001). Furthermore, possible difficulties were described in the comparison of DLQI records related to the patients' different cultural backgrounds. Findings of Nijsten et al. [18] suggest that patients from different countries respond differently to a substantial proportion of DLQI items, although they have the same HRQOL impairment.
A recently conducted systematic review examined the correlation between DLQI and PASI throughout clinical trials of biological agents [19] . Based on 13 randomised controlled trials (RCT), the proportion of PASI improvement revealed a strong correlation (r = 0.8) with DLQI from the baseline to the 10-16 weeks of treatment, confirming our findings, where more than half of the enrolled patients received biological therapy. In our study, the highest correlation (r s = 0.92, p \ 0.05) was observed between PASI and PGA VAS. Both measures are commonly used in clinical trials. Our finding is consistent with a review based on 30 biological RCTs [20] . According to the results of Robinson et al. [20] the two outcome tools, PGA 0,1 and PASI 75 were correlated very closely (r = 0.9157 for study weeks 8-16; r = 0.892 for weeks 17-24, and r = 0.9559 for longer than 24 weeks, p \ 0.01).
In the comparison of outcome measures with the knowngroups method, 11 aspects of psoriasis severity were involved, including clinical types, localisations, and health service utilisation variables. A similar method was applied by Revicki et al. [21] validating the psoriasis symptom inventory (PSI), by Dauden et al. [22] validating the PSO-LIFE questionnaire, and by Brodszky et al. [23] assessing the Psoriatic Arthritis Quality of Life (PsAQoL) questionnaire and the Health Assessment Questionnaire (HAQ) in psoriatic arthritis. Each of the evaluated tools (see Table 3 ) was found to be an effective instrument, which was able to discriminate between these groups regarding the severity of psoriasis. Merely a modest effect size was found within the group of hospitalisation(s), similarly to prior results of a study conducted by Brodszky et al. [23] with the same method in psoriatic arthritis, also in Hungary.
The effectiveness of the four assessed tools in tackling QOL varies in different segments. EQ-5D was found remarkably effective from the viewpoint of general HRQOL grouping variables such as the necessity of home help, since the ability for self-care is one of the dimensions of the EQ-5D index. Focusing on strengths of the diseasespecific measures, the discriminating power of DLQI proved the greatest or the second greatest in nine out of the 11 implied categories. In addition, DLQI scores correlated stronger with PASI, patients' self-assessed disease severity and with PGA as well than EQ-5D. Therefore, DLQI is an optimal choice to measure general HRQOL and skin-related symptoms assembled. Not surprisingly, PASI was found especially effective in the distinction of the aspects of visible lesions, localisation of psoriasis, palmoplantar involvement, and biological therapy, because these variables are directly related to disease severity. The presence of visible lesions was analysed with the same method, but with a different instrument (PSO-LIFE) by Daudén et al. [24] . Similarly to our findings, the authors suggest that HRQOL impairment perceived by patients with visible lesions is greater than the effect reported by patients with less visible lesions [24] .
Furthermore, we assessed HRQOL in patients with the presence or lack of lesions on certain body regions. The neck and/or décolletage involvement was associated with the greatest EQ-5D reduction, followed by the forearm, and facial lesions. Also, the neck and/or décolletage involvement proved the highest effect size in DLQI scores, followed by the forearm, and the leg and/or shin lesions. Unexpectedly, the effect sizes of the facial psoriasis, which is likely the most bothersome localisation due to stigmatisation and cosmetic issues, were overtaken by the neck and/or décolletage measured by any examined outcome. We assume that this is due to the fact that in our sample the majority of the patients with neck and/or décolletage involvement (n = 36) had lesions on two or more body sites, covering a higher proportion of their entire body surface.
Our second aim was to investigate new possible predictors of EQ-5D score and EQ VAS, and seek for a mapping algorithm for these variables. Bivariate analysis on EQ-5D was previously published in two studies. A simple linear regression developed by Currie and Conway [10] amongst 94 patients could account for 27 % of EQ-5D variance: EQ-5D = 0.956 -0.02548*DLQI. The model of Norlin et al. [8] was able to explain 28 % of the EQ-5D variance (EQ-5D = 0.8777 -0.0196*DLQI). Our model is in line with these two bivariate algorithms, the constant term is about 0.8 and one point increase in DLQI is expected to result in a reduction of 0.02 point in EQ-5D.
A study from Germany including 1,511 patients performed by Blome et al. [9] could predict 24.2 % of the variability of EQ VAS with the following mapping algorithm: EQ VAS = 77.367 -1.493*DLQI (p \ 0.001). Furthermore, these results were cross-validated by a database of 2,009 patients.
To develop our multivariate function, we explored ten variables as possible predictors of EQ-5D: DLQI, gender, psoriasis duration, palmoplantar involvement, psoriatic arthritis, chronic plaque psoriasis, scalp psoriasis, necessity of home help in the last month, GP visit(s) due to psoriasis in the last month, and hospitalisation(s) due to psoriasis in the last 12 months. The clinical type of palmoplantar involvement had the greatest negative standardized regression coefficient. This finding seems to be consistent with earlier researches, which described that patients with palmoplantar involvement have reported significantly greater physical disability, discomfort, and work or leisure impairment than those without palmoplantar involvement [25, 26] . In contrast, scalp psoriasis was the only variable with positive unstandardized regression coefficient (b) involved in the model. This might be conceivably due to the high proportion of the less severe cases amongst the patients of our sample with scalp involvement (n = 69), and, therefore, this finding cannot be generalised.
In the multivariate approach of Norlin et al. [8] , in addition to DLQI (global score or single items) gender and age were found to be predictors of EQ-5D. Their model could explain 32 % of the variance of EQ-5D.
Blome et al. [9] implemented a stepwise linear regression on EQ-5D as well as on EQ-5D VAS with powers of explanation of 27.9 and 31.3 %. Age, presence of active arthritis and concomitant diseases predicted both target variables. Gender, psoriasis duration, and nail involvement were also described as predictors of EQ-5D. Compared to our model, gender, psoriatic arthritis, and disease duration are common predictors. The regression coefficients of DLQI are higher in both the bivariate and the multivariate function of Blome et al., than in ours [9] .
It seems that gender is the only variable that was found as a predictor in the two referred multivariate mapping functions and also in our model [8, 9] . A literature review on quality of life in psoriasis patients points out that there is no association between gender and HRQOL in psoriasis [2] . However, a few authors have described higher HRQOL impairment in female patients, possibly caused by stigmatisation and additional mental disorders [17, 27] . Lesuis et al. [28] also indicated that men more often had high PASI scores and women more often had high DLQI scores. In our study we could not justify significant difference neither in DLQI nor in PASI index, nonetheless, median EQ-5D in female patients was significantly worse than in males (0.67 vs 0.8, p \ 0.001).
Mapping EQ VAS, we observed that self-assessed disease severity VAS overwhelmed DLQI as a possible predictor, and hence, confirmed the importance of selfassessed disease severity as an outcome measure, as earlier also highlighted by Hjortsberg et al. [11] .
To summarise, the three cited bivariate models can predict a greater proportion of the variance of EQ-5D or EQ VAS than our mapping functions. However, our multiple linear regression algorithm can predict 48.8 % of EQ-5D scores, which is more accurate than in any previously published models.
Finally, a number of important limitations need to be considered. To our knowledge, HRQOL median values of our sample are reflecting better health states than in other previous cross-sectional surveys. This might be the result of the biological treatment received by about half of our patients and also due to the treatment institutions, which were two university clinics considered to offer higher quality of care. Additionally, several limitations of mapping should be noted. Sample size was relatively small, only the ordinary least squares method was applied and no cross-validation was conducted. A recently published study suggests that the ordinary least squares method systematically underestimates mapping from disease-specific measures, like DLQI to generic measures such as EQ-5D [29] .
Consequently, the developed mapping algorithm is probably not transferable to all Hungarian psoriasis patients, merely to subgroups of patients.
A broader survey including more variables not investigated in this study (e.g., time on biological treatment, comorbidities and concomitant medications, mental health, body image, coping mechanisms) is needed to reduce the uncertainties around the model and to determine the still unexplained 51.2 % of EQ-5D. A detailed analysis in terms of the individual five dimensions of EQ-5D and of each DLQI questions or items might as well improve the predictive power of mapping [30] .
This current study confirms previous findings about correlations between EQ-5D, EQ VAS, DLQI, and PASI. We provided the first evidence that visible psoriatic lesions have a significant impact on HRQOL measured not only with DLQI, but also with EQ-5D, compared to non-visible skin lesions. We revealed new possible predictors of HRQOL, such as clinical types and localisation of psoriasis, and the necessity of home help in patients with moderate to severe psoriasis. In clinical trials, when direct utility outcomes are not available, our mapping functions can contribute to the valuation of utilities. Notwithstanding the limitations listed above, predictors tested in a multivariate approach explained a higher proportion of variance of EQ-5D in psoriasis than any other models before.
